Abstract-Perceptually lossless medical image coding is an various interpolation methods, it has been shown that B-spline alternative for compressing medical images. It provides a solution interpolation offers superior cost-performance tradeoff over to the challenge of delivering clinically critical information in other medical interpolation algorithms [9], [10] [2] and Digital Radiography (DR) [3] and so forth. This paper is organized as follows. In section II, B-spline In addition, when coupled with the advances of digitisation, interpolators for medical images are briefly reviewed. Section they offer the advantages of permanent storage and fast III presents the layout of the subject assessment and discusses transmission to any geographical location with relative ease. the results. Finally, a conclusion is drawn in Section IV. However, for medical images, there is a need for effective compression algorithms that alleviate the taxing burden of both II. [14] desired due to a property, which enables them to retain all 1) General Kernel Expression: The B-spline of degree n is information without any loss during the encoding/decoding denoted by 13Q(x), which can be derived by the n + 1 times stage. They are, however, limited in compression ratio gains repeated convolution of a B-spline of degree 0, [7]. In contrast, irreversible compression algorithms trade off image integrity for greater compression ratio gain. An
the shortest time possible. In this paper, an investigation of the .
. . . o robustness of the perceptually lossless image coder is carried out to reiterate that the objectIve of this paper is to examine by applying bilinear, biquadratic and bicubic standard and cen-the robustness of the PLMIC, in terms of interpolation, i.e. tered B-spline interpolation filters. In order to evaluate the visual Is the compressed medical image perceptually lossless to performance, a subjective assessment was conducted consisting the original? Hence, perceptual enhancement and evaluation of 30 medical images and 6 image processing experts. Here, the of interpolation algorithms for medical imaging is not the perceptually lossless medical image coder was compared to the focus of the paper. A subjective assessment was conducted state-of-the-art JPEG-LS compliant LOCO and NLOCO image using the pal A fon 8assessen with coders. Current results have shown that overall, there were no using the 30 medical images found in [8] and assessed with perceivable differences of statistical significance when the medical 6 image processing experts. A comparison is made against images were enlarged by a factor of 2. two benchmark coders: the state-of-art JPEG-LS compliant LOCO and NLOCO coder [11] with d=2, where d represents the maximum pixel difference between the compressed and Medical imaging technologies offers the benefits of faster original image. Current results show that there were no visible and accurate diagnosis. These imaging modalities include differences of statistical significance for 5 out of 6 assessments Computed Tomography (CT) [1] , Magnetic Resonance Imag-for interpolation by a factor of 2. ing (MRI) [2] and Digital Radiography (DR) [3] and so forth. This paper is organized as follows. In section II, B-spline In addition, when coupled with the advances of digitisation, interpolators for medical images are briefly reviewed. Section they offer the advantages of permanent storage and fast III presents the layout of the subject assessment and discusses transmission to any geographical location with relative ease. the results. Finally, a conclusion is drawn in Section IV. However, for medical images, there is a need for effective compression algorithms that alleviate the taxing burden of both II. B-SPLINE INTERPOLATION large storage space and transmission bandwidth requirements, especially for applications such as Telemedicine [4] and TeleIn this section, the underlying B-spline principals for the mammography [5] .
interpolation of medical images are briefly reviewed. For more Compression algorithms generally fall into two broad cate-details, the reader is referred to [12] , [13] , [14] . gories [6] , namely, reversible (lossless) and irreversible (lossy) compression. Reversible compression algorithms are highly A. B-spline Kernel [14] desired due to a property, which enables them to retain all 1) General Kernel Expression: The B-spline of degree n is information without any loss during the encoding/decoding denoted by 13Q(x), which can be derived by the n + 1 times stage. They are, however, limited in compression ratio gains repeated convolution of a B-spline of degree 0, [7] . where 130(x) is centered normalized rectangular pulse,
Image interpolation/enlargement is a common image processing operation used in medical imaging for critical diag-1 z< nosis. In this paper, the robustness of a perceptually lossless Particularly, when A is the power of 2, a multiresolu-B. B-spline Representation [12] tion pyramid for reduction and expansion respectively can 
The experiment was conducted in a room with minimal asks. Image processing experts, while may not be capable A well-known property of function rj1 (x) is that it converges of making a diagnosis, have the advantage of being able to to sinc(x) as the degree tends to infinity [9] .
critically assess picture quality. systematic errors, the assessment was partitioned into sessions statistical significance. For example, in E2C1, the baseline is from the categories specified in Table I Fig. 2 , when the possible combinations of presenting the image pairs, being A images were enlarged by a factor of 2, 5 out of 6 assessments vs A, B vs B, C vs C, A vs B, B vs A, A vs C, C vs A, C vs showed that there were no perceivable differences of statistical B and B vs C. This approach eliminates the systematic error significance between the two coders. It is also interesting to associated with the scanning effect [18] . In this experiment, the note the results E2S2 and E2S3 for A vs C, where differences 2-staged Forced Choice (2SFC) was employed [8] in assessing can be seen. When enlarged by 4 times, however, there were each pair of medical images. The first stage asks, "Are the only 2 assessments for category A vs B, E4C3 and E4S1, two images identical?", if not, "Which image in the pair is that did not have any perceivable differences of statistical preferred, Left, Right or Either?" (Fig. 1) .
significance. Overall, there is evidence that show that differences of statistical significance were not visible for 2 times C. Results and Analysis interpolation (Fig. 3 ) and more visible for 4 times interpolation This paper analyses the results for the 'identical' selection. (Fig. 4) . Finally, it is also important to note that the interpoTwo statistical models are employed to analyse the results of lation algorithm themselves can introduce distortions into the the assessment. The first model ascertains the 'identicalness' pictures. While statistical differences have been observed in or rate of correctly identifying an image as identical when it compressed images, it is unclear if these differences were the is displayed on either sides of the screens. This also provides result of compression or interpolation operations. This is a a rough indication of the reliability of the assessors. The matter to be addressed in future investigations. second model determines if there are any visible differences of statistical significance when a compressed image is displayed with a the original image, e.g., Is A vs B seen as identical?
Perceptually lossless medical image coding offers an alterThus, in the first model (TABLE II) 
